INTRODUCTION
"He who knows syphilis, knows medicine"
Sir William Osler
The origins of syphilis have been discussed for many centuries (68, 251, 266, 341) . Two main theories have been proposed-the New World or Columbian theory and the Old World or pre-Columbian theory. The former holds that syphilis was endemic in the part of the world now known as Haiti and was then acquired and carried to Europe by Columbus in the 1400s. The pre-Columbian theory purports that syphilis originated in central Africa and was introduced to Europe prior to the voyage by Columbus. A third theory, the Unitarian theory, could be made to fit the pre-Columbian theory (251) . This theory proposed that syphilis and the nonvenereal treponematoses were all manifestations of the same infection, with the observed clinical differences being due mainly to environmental factors, especially temperature. However, recent bacteriological work has demonstrated genetic differences between these organisms (44) . Regardless of the origins, however, it remains clear that by 1495 a widespread syphilis epidemic had spread throughout Europe (251) . From there the disease spread to India in 1498 and China in 1505 (251) .
Early names for syphilis included the Great Pox, lues venereum (venereal disease), morbus gallicus (French disease), and the Italian, Spanish, German, or Polish disease, but the name that was to become part of the everyday language was syphilis (251) . Hieronymus Fracastorius in 1530 is believed to be the first to coin the term "syphilis," derived from a mythical shepherd, Syphilus, described in his poem Syphilis Sive Morbus Gallicus, which means "Syphilis or the French Disease" (251) .
Many early investigators contributed to our knowledge of syphilis, and the following highlights but a few. John Hunter (1728 to 1793) believed the Unity or Monist Theory, which holds that syphilis and gonorrhea were the same disease (68, 251) . This theory was supported by his well-known experiment of 1767 in which he inoculated matter from a patient whom he believed to have gonorrhea onto the prepuce and glans of a recipient, who traditionally is believed to be himself. However, since the experiment was reported in the third person, it is now believed that the recipient was someone else (67) . Ten days after the inoculation, a chancre appeared, followed by signs of secondary syphilis (251) . It is now believed that the donor had both syphilis and gonorrhea, but Hunter was convinced that he had induced syphilis by inoculation of gonorrheal pus. It was not until 1838 that Philippe Ricord demonstrated conclusively that syphilis and gonorrhea were separate diseases based on over 2,500 human inoculations (251, 341) . Ricord was also the first to propose a scheme for the categorization of syphilis into primary, secondary, and tertiary stages, which is still used today (251) . Giovanni Lancisi (1654 to 1720) and Herman Boerhaave (1668 to 1738) implicated syphilis as a cause of cardiovascular disease. Alfred Fournier (1832 to 1914) confirmed the syphilitic origins of neurosyphilis (294) . Paul Diday (1812 to 1894) and Jonathan Hutchinson (1828 Hutchinson ( to 1913 contributed greatly to our knowledge of congenital infections (251) .
In 1905, the association of Treponema pallidum with syphilis was described by Schaudinn and Hoffman, who demonstrated spirochetes in Giemsa-stained smears of fluid from secondary syphilitic lesions (295) . August von Wassermann devised a serum reaction test for syphilis in 1906, and serologic tests for syphilis were born (349) .
Treatments for syphilis included mercury, organic arsenical compounds, and bismuth until the advent of penicillin (294) . In 1943, Mahoney et al. successfully treated the first four cases of syphilis with penicillin, and more than half a century later penicillin remains the drug of choice (204) .
ETIOLOGY
Although given various names following its discovery, the causative organism of syphilis was finally named Treponema because of its resemblance to a twisted thread and pallidum because of its pale color (266) .
T. pallidum is a member of the order Spirochaetales, family Spirochaetaceae, and genus Treponema, which includes four human pathogens and at least six human nonpathogens (245) . The pathogenic species are T. pallidum subsp. pallidum which causes venereal syphilis, T. pallidum subsp. endemicum, which causes endemic syphilis (bejel), T. pallidum subsp. pertenue, which causes yaws, and T. carateum, which is the etiologic agent of pinta. Initial studies indicated that these four agents were morphologically indistinguishable, with Ͼ95% DNA homology (223, 241) . Recently, however, a genetic signature was defined in the 5Ј-flanking region of the 15-kDa lipoprotein gene (tpp15) that distinguishes T. pallidum subsp. pallidum from T. pallidum subsp. pertenue and endemicum (44) .
Most of our knowledge of the physiology, metabolism, and antigenic structure of T. pallidum is derived from the Nichols strain, which has been maintained in rabbits since 1912 (240) . T. pallidum is a spirochete varying from 0.10 to 0.18 m in diameter and from 6 to 20 m in length, making it invisible by light microscopy (245, 360) . Dark-field microscopy is generally used in clinical practice for visualization (60) . The average number of windings is 6 to 14, and the organism has pointed ends and lacks the hook shape seen in some commensal human spirochetes (245) . The bacterium exhibits characteristic corkscrew motility due to endoflagella, with rapid rotation about the longitudinal axis and flexing, bending, and snapping about the full length (245) .
The genome of T. pallidum subsp. pallidum has recently been sequenced by the whole pulse genome random sequencing method (106) . The genome is a circular chromosome of 1,138,006 bp and contains 1,041 open reading frames (ORFs). Predicted biological roles were assigned to 55% of ORFs, while 17% match those encoding hypothetical proteins from other species and 28% represent novel genes. Physiologic studies have previously shown that the organism has limited biosynthetic capabilities, requiring multiple nutrients from the host (106) . The T. pallidum genome confirms this by demonstrating the inability of the organism to synthesize enzyme cofactors, fatty acids, and nucleotides de novo and by encoding for a pathway for the conversion of phosphoenolpyruvate or pyruvate to aspartate. Given its limited biosynthetic properties, it is assumed that T. pallidum must have good transport proteins, and, indeed, the T. pallidum genome contains 57 ORFs (5% of the total) that encode 18 distinct transporters specific for amino acids, carbohydrates, and cations. Metabolio-pathway analysis shows that genes encoding all of the enzymes of the glycolytic pathway are present in T. pallidum, suggesting that it uses several carbohydrates as energy sources. The or-ganism has previously been demonstrated to survive better in very low concentrations of oxygen and is therefore considered microaerophilic (89) . This is confirmed by the lack of genes encoding superoxide dismutase, catalase, or peroxidase, which protect against oxygen toxicity. Motility-associated genes are highly conserved in T. pallidum, consistent with the importance of this activity; 36 genes encode proteins in the flagellar structure. Freeze fracture studies of the outer membrane of T. pallidum show that it contains a small number of integral membrane proteins which may allow it to evade the host immune response (59, 271, 348) ; genomic analysis indicates 22 putative lipoproteins consistent with these studies. Potential virulence factors are hinted at by the presence of a large number of duplicated genes (tprA through tprL) that encode putative membrane proteins that may function as porins and adhesins. Multiple copies of the tpr genes may represent a mechanism for antigenic variation in T. pallidum and in addition may provide new targets for vaccine development. Previous studies have indicated that T. pallidum does not produce lipopolysaccharide or potent exotoxins, although cytotoxic activity against neuroblasts and other cell types has been observed (94, 363) . Genome analysis shows five genes encoding proteins similar to bacterial hemolysins. Comparison of the T. pallidum genome with that of another spirochete, Borrelia burgdorferi, showed that 46% of the T. pallidum ORFs have orthologs in B. burgdorferi, of which 76% have predicted biological function. A total of 115 ORFs shared by T. pallidum and B. burgdorferi encode proteins of unknown biological function, of which 50% appear unique to the spirochete group.
EPIDEMIOLOGY

Transmission of Disease
The primary mode of transmission is by sexual contact, and the next most common is transfer across the placenta (324) . Kissing, blood transfusion, and accidental inoculation have also been reported as routes of transmission but are of minor importance today (324) . Partner notification studies have estimated a transmission rate of primary, secondary, and early latent syphilis of 18 to 80% (54, 187, 299, 302, 312, 347) , while prospective trials of prophylactic treatment have estimated a transmission rate of 9 to 63% (3, 228, 304) . The limitations of these studies have recently been discussed, and the authors conclude that the transmission probability per partner is around 60% (108) .
The majority of infants with congenital syphilis are infected in utero, but the newborn can also be infected by contact with an active genital lesion at the time of delivery (95, 140) . Presumed nonsexual transmission resulting in lesions of the finger and hand has been described in health care workers before the routine use of gloves and in young children sharing a bed with an infected person (324, 340) .
The risk of transmission through blood is negligible due to improved donor selection, uniform serologic testing of all blood donors, and a shift from transfusion of fresh blood to transfusion of refrigerated blood components (9, 360) . Transmission via blood products is nonetheless theoretically possible since organisms may survive for up to 5 days in refrigerated blood (342, 343) . Needle sharing probably does not play a significant role in syphilis transmission, but this remains unclear (175) .
Occurrence of Disease Developed countries. (i) United States. (a) Primary and secondary syphilis.
In 1947, prior to the penicillin era, the incidence of primary and secondary syphilis was reported at 66.4 cases per 100,000 persons (236) . Rates declined to 3.9 cases per 100,000 persons by 1956 due to the availability of penicillin, changes in sexual behavior, and public health measures (236) . Studies published by the U.S. Public Health Service suggest that antibiotic therapy, whether intentional or not, contributed to this decline. Since the nadir in 1956, syphilis rates have peaked and troughed in approximately 10-year cycles, with the overall trend being toward increasing rates. The most recent epidemic was noted in 1990, with reported rates for primary and secondary syphilis at 20 per 100,000 persons, a 59% increase since 1985 (41, 111, 351) . Although no single factor can explain this trend, an important contributing factor is crack cocaine use and the exchange of illegal drugs for sex (7, 37, 39, 212, 225, 281) . In 1991, there was a reversal of the 5-year increasing trend (72) . The reasons for the decline are unclear but may be related to renewed priority and increased resources given to syphilis control programs (350) . By 1997, a rate of 3.2 cases per 100,000 persons was reported, the lowest incidence ever reported (320) .
(b) Race and sex. There are reported differences across race and sex (41) . African American and Hispanic race are strong markers for syphilis seroreactivity (128, 307) . Between 1985 and 1990, rates in African Americans increased from 51.1 to 142.6 cases per 100,000 persons, with African Americans accounting for 80% of all cases in 1990 (236) . Approximately 10 to 12% of these patients were adolescents (42) . Despite a decline by 1996 to 30.2 cases per 100,000 in African Americans, this rate was still nearly 50 times that for non-Hispanic whites (72) . Although some of these differences may be due to differential reporting of syphilis in African Americans to public health agencies, identified risk factors for this group include younger age, geographic instability, and poverty (10, 211, 323) . Poor access to health care has probably also played a role (11, 41, 211, 225, 323) . The rate of syphilis in Native Americans also remains higher than for the general population (109) .
In the past, men have had consistently higher rates of infection than women. The male-to-female ratio of primary and secondary syphilis peaked at 3.5:1 in 1980, largely due to an epidemic in white males who reported having at least one male sex partner (35, 88) . Since then, the male-to-female ratio has fallen to approximately 1:1 (236) . The relative increase in rates of syphilis among women has been attributed to prostitution related to crack cocaine. Some studies have demonstrated that men have higher rates of primary syphilis than women whereas the reverse is true for secondary syphilis (160, 211) . Possible explanations for this finding include the facts that women may be less likely to see primary lesions than men because they are internal and that men may have lower rates of secondary syphilis due to higher rates of diagnosis and treatment of primary cases (211) .
(c) Regional differences. Regional differences have also been noted, with the highest rates in the southern United States followed by the Northeast, the West, and the Midwest (351) . The rate in the South peaked in 1990 at 33.7 cases per 100,000 persons (236) . By 1996, the rate in the South had declined to 8.7 cases per 100,000 population (72) . Generally, the highest rates occur in urban areas, with the overall rate of primary and secondary syphilis for 63 large cities (with Ͼ200,000 population) representing twice the total U.S. rate during the 1980s and 1990s (74) . However, a study in North Carolina reported higher rural than urban rates (334) . Between 1981 and 1993, the rates of syphilis for African Americans in various regions peaked at similar levels but in different years (236) . Mathematical modeling suggests that syphilis epidemics may start by introducing infection into a core group of susceptible persons with multiple sexual partners (254). This core group will then transmit infection to large numbers of partners. The epidemic would be limited by the fact that the core group would then either be treated or progress to later, less infectious stages of syphilis. The temporal differences in the peaking of the regional epidemics may then be explained by the differential development of susceptible populations (236) .
(d) Congenital syphilis. Reported cases of congenital syphilis in New York City increased from 57 to 357 per 100,000 persons from 1986 to 1988 (39, 236) . This increase paralleled a 240% rise in early syphilis in women. Similar increases have been reported elsewhere and are associated with maternal crack cocaine use as well as underutilization and inadequacy of antenatal care (33, 37-39, 212, 310) .
In 1993, African Americans accounted for 72% of cases of congenital syphilis, with reported rates of 344.9 cases per 100,000 live births (74) . This is in contrast to rates of 96.3 cases per 100,000 live births in Hispanics and 6.1 cases per 100,000 live births in non-Hispanic whites (74) . Between 1994 and 1996, overall rates of congenital syphilis decreased from 55.6 to 30.4 cases per 100,000 live births, but compared with 1995, increases were observed for four states in 1996 (72) .
(ii) Other developed countries. The rate of primary and secondary syphilis in Canada peaked at a rate of 5.5 per 100,000 population in 1984 and then declined (73) . Except for a small rise in 1992, the rate has remained low, with a reported rate of 0.4 per 100,000 in 1995 (73) . Overall rates of latent and congenital syphilis have also fallen in the last decade, and it is noteworthy that only five cases of congenital syphilis have been reported in Canada since 1990 (73) . The decline in latent syphilis may be related to improved screening and treatment of early symptomatic disease.
In the United Kingdom, rates of infectious syphilis fell in the early 1980s, with a greater percentage fall in men, and they have remained stable since 1988 (8) . Data from Australia show a different trend by geographic area, with rates falling from 201 per 100,000 in 1980 to 4 per 100,000 in 1993 in South Australia and increasing from 513 per 100,000 in 1980 to 721 per 100,000 in the Northern Territory (71, 139) . Ninety percent of syphilis infections in Australia occur in aboriginals, who account for less than 2% of the population (139) .
Developing countries. Although accurate figures on the incidence of syphilis are not available for most developing countries, population-based studies have shown the seroprevalence to vary widely, from 0.9 to 94% depending on the group tested (12, 355) . The World Health Organization estimated that there were approximately 12 million new cases of syphilis in adults worldwide in 1995 (355) . The greatest number of cases was estimated to have occurred in South and Southeast Asia, with 5.8 million cases, while a further 3.5 million cases occurred in sub-Saharan Africa (355) . Factors associated with a high prevalence of syphilis include certain occupations such as longdistance truck driving and commercial sex work, presence of other sexually transmitted diseases (STDs), lack of male circumcision, and level of education (239, 355) . African longdistance drivers have been reported to have rates of syphilis as high as 15%, while commercial sex workers have rates varying from 23 to 47% in North Africa and the Middle East (355) .
Parallel with the rise of syphilis in western countries, countries such as Trinidad and Tobago, Singapore, and the former USSR have reported a rise in the number of cases of early and congenital syphilis since the mid-1980s (4, 194, 330, 337) . In the Russian Federation, there were 2.5 cases per 100,000 in 1947, rising to a peak of 28 cases per 100,000 in 1978 and 1979 (337). The number of cases then fell once again to 4.2 per 100,000 in 1988, before rising to 263 per 100,000 in 1996, a 62-fold increase since 1988. The largest increases were for primary and secondary syphilis in those aged 15 to 19 years (337) . The causes of this epidemic are probably multifactorial and include increasing poverty and unemployment, especially among women, a decline in government-funded public health services, and increased population movements occurring with the opening of borders (337) .
Other countries such as Thailand and Zimbabwe have reported a declining prevalence of syphilis, although these still represent relatively high incidence rates (190, 262) . In Thailand, the decline has been attributed to a government campaign promoting condom use among commercial sex workers and to the widespread antibiotic use (190) . However, in 1992 in Zimbabwe, the introduction of user fees resulted in a sharp fall in attendance at outpatient clinics, which may explain the decline in reported cases (262) .
The prevalence of syphilis in pregnant women attending antenatal clinics in major African cities ranges from 4 to 15% (123, 305) . Similarly, the prevalence of syphilis in pregnant women in other countries also varies markedly from 1.3% in Honduras and 0.6% in Korea to 6.3% in Paraguay and 14.2% in Fiji (355) . Although true estimates of the effect on pregnancy outcome are unknown for persons with untreated early maternal syphilis, it is postulated that 5 to 8% of all pregnancies surviving past 12 weeks will end in spontaneous abortion, perinatal or infant death, or a live infant with congenital syphilis (305) . Untreated maternal infection is also associated with prematurity and low birth weight (76) .
PATHOGENESIS AND PATHOLOGIC FINDINGS
Pathogenesis
Most of the information on the pathogenesis of syphilis is derived from animal models because of the limited information available from human studies (91, 233) . T. pallidum is presumed to penetrate through small breaks in the skin (91, 205, 206) . Magnuson et al. were able to demonstrate that two organisms inoculated intracutaneously in rabbits produced a dark-field positive lesion in 47% of cases (202) . This increased to 71 and 100% when 20 and 200,000 organisms were inoculated, respectively. On intracutaneous inoculation, the incubation period varied with the size of the inoculum, so that with a large inoculum, e.g., 10 7 organisms, a chancre appeared in 5 to 7 days (202) . An inoculation study in human volunteers, which would be considered unethical by today's standards, showed similar findings (203) . Animal studies have shown that the organisms appear within minutes in lymph nodes and disseminate widely within hours (61, 272, 324) . Although the exact mechanisms by which T. pallidum enters cells is not known, it has been shown to attach to mammalian cells in vitro (93, 143) . Attachment may occur by specific attachment ligands (17, 331, 332) . Invasion appears to be a critical virulence factor for T. pallidum, as demonstrated by its ability to penetrate endothelial cell monolayers and intact membranes (277, 333) .
Pathologic Findings
The pathologic findings of all stages of syphilis are characterized by vascular involvement with endarteritis and periarteritis and in the gummatous stage by granulomatous inflammation. In most primary lesions, the epidermis demonstrates hyperplasia with widening and elongation of the rete ridges (81) . The ulcer surface is covered with an exudate consisting of fibrin, necrotic tissue fragments, and polymorphonuclear leukocytes. A dense inflammatory infiltrate is seen in the adjacent dermis, with predominantly lymphocytes and plasma cells, but histiocytes and polymorphonuclear cells are also seen. The perivascular area is particularly involved and associated with endothelial-cell swelling. Silver staining invariably demonstrates the presence of spirochetes, mainly in the dermal-epidermal junction in the perivascular area.
In secondary syphilis, a wide variety of histologic changes are seen, with lymphocytes and plasma cells present in the dermis in 75 to 100% of patients (1, 81) . Silver staining reveals the presence of treponemes in around 70% of patients (81) . Small blood vessels often show endothelial-cell swelling (1) . The epidermis is frequently involved, with exocytosis, spongiosis, parakeratosis, and acanthosis being the most frequent changes (1) . In late secondary lesions, the infiltrate may become granulomatous (1) .
Histopathologic examination of syphilitic aneurysms demonstrates invasion of the aorta by spirochetes (156) . An inflammatory exudate of lymphocytes and plasma cells forms about the vasa vasorum of the adventitia and is followed by obliterative endarteritis of nutrient vessels. In later cases, gumma and scar tissue develops.
In meningitis, the meninges are infiltrated by lymphocytes, plasma cells, and occasionally polymorphonuclear leukocytes with or without perivascular infiltration and vessel thrombosis due to endarteritis (222) . In meningovascular syphilis, there is diffuse thickening and lymphocytic infiltration of the meninges and the perivascular spaces (148) . The large and medium-sized vessels show fibroblastic and collagenous thickening of the intima, thinning of the media, and fibrous change of the adventitia, together with lymphocytic and plasma cell infiltration (148) . Luminal narrowing leads to thrombosis and ischemic infarction of adjacent brain (148) . Rarely, aneurysmal dilatation of the affected vessel may occur (148) . When a gumma of the central nervous system forms, the histologic tests show a chronic inflammatory infiltrate with primarily lymphocytes, plasma cells, and multinucleate giant cells with or without necrosis (104, 179) .
NATURAL HISTORY AND CLINICAL MANIFESTATIONS
The manifestations of syphilis have been recognized for centuries. Juan de Vigo described genital pustulae in his account of the "French sickness" in 1514 (266) . Many others subsequently described the primary chancre followed by a reddish rash whose superficial resemblance to smallpox was responsible for the origin of the term "pox." Protean late manifestations involving all organ systems have been described, heralding syphilis as the "great imitator." The key to diagnosis remains a high index of suspicion.
Natural History
Descriptions of the natural history of untreated syphilis originate primarily from two large prospective studies and one retrospective study.
Boeck performed a prospective natural history study of 1,978 patients with early syphilis in 1891 (56) . His observations over 20 years were then continued by Brusgaard, and this information was later termed the Oslo Study (56) . Between 1949 and 1951, Gjestland undertook a monumental follow up of 1,404 of the original 1,978 patients (115) . The data were reviewed in 1955 and then reanalyzed in 1964 by Clark and Danbolt (55, 56) . Although the study is important in terms of defining natural history because of its large sample size, long follow-up, and almost complete absence of treatment, it does have some major design flaws. Diagnoses were made clinically since neither serologic testing nor microscopy was available when the study began, more women than men were admitted because more female beds were available, there were no controls, and autopsies were carried out on only 24% of patients. The results indicate that approximately one-third of the patients developed tertiary manifestations of neurologic, cardiovascular, and gummatous (late benign) syphilis and that the probability of dying due to untreated syphilis was 17% in males and 8% in females (55) . Late benign syphilis was the most frequent manifestation, occurring in 14% of males and 17% of females, 1 to 46 years after healing of the secondary lesions. The incidence of clinically apparent cardiovascular syphilis was 13.6% in males and 7.6% in females, but the true incidence may have been higher had more autopsies been carried out. Symptomatic neurosyphilis developed in approximately 9.4% of males and 5.0% of females.
In 1932, the U.S. Public Health Service initiated the Tuskegee study observing African American men with untreated syphilis for 40 years (279, 335) . The study has been heavily criticized on ethical grounds, primarily because written informed consent was not obtained from patients and also because treatment was withheld (335) . A total of 412 men with untreated latent syphilis and 204 uninfected matched controls were monitored prospectively. Vonderlehr reviewed autopsy material from the first years of the study and noted that only one-fourth of the untreated patients were without evidence of tertiary syphilis after 15 years of infection (346) . Cardiovascular involvement was the most frequently detected abnormality, with 50% of the patients infected for 10 years demonstrating cardiovascular involvement (259) . Of the 41% survivors at 30 years follow-up, 12% had evidence of late, predominantly cardiovascular syphilis (279) .
Rosahn retrospectively reviewed all autopsies at the Yale University School of Medicine from 1917 to 1941 (289) . Of 4,000 autopsies of persons aged over 20 years at death, 9.7% had clinical, laboratory, or autopsy evidence of syphilis. About half had received no therapy. Among clinically diagnosed patients, 39% had late anatomic lesions. Of 77 patients with untreated syphilis and late anatomic lesions at autopsy, 83% had cardiovascular complications, 9% had late benign lesions, and 8% had neurosyphilis (289) .
In summary, the three studies demonstrate that 15 to 40% of untreated patients with syphilis develop recognizable late complications. A higher mortality rate was noted in populations with syphilis, men were twice as likely to develop late complications, and it was suggested that African Americans were more likely to develop cardiovascular syphilis whereas whites were more likely to develop neurosyphilis (56, 289) .
Effects of untreated syphilis on pregnancy outcome in 1951 demonstrated marked differences in risk according to the stage of maternal infection (162) . If maternal infection occurred early during pregnancy, the incidence of stillbirth was 25%, that of neonatal death was 14%, that of infected infants was 41%, and that of noninfected infants was 20%. This is in contrast to rates of 12% for stillbirth, 9% for neonatal death, 2% for infected infants, and 77% for noninfected infants when maternal infection occurred late during pregnancy.
Clinical Manifestations
The clinical manifestations of the various stages of syphilis are summarized in Table 1 .
Primary syphilis. The classic lesion of primary syphilis, the chancre, is a single, painless, indurated ulcer with a clean base (324) . However, there is significant variability in morphologic presentation, making clinical diagnosis unreliable (46, 48, 70) . The classic combination of a painless, ulcerated lesion with a clean base has a sensitivity of only 31% but a specificity of 98% (70) . Induration is the single most specific sign, occurring in 47 to 92% of patients (46, 70) . Purulence involving less than 30% of the base has been reported to be the most sensitive finding (70) . The size of the chancre varies from 0.3 to 3.0 cm, and occasionally there are multiple lesions (46, 70) . There is usually a sharply marginated border, although lesions with undetermined edges have been described (46, 70) . Painless regional lymphadenopathy occurs in up to 80% of patients and is more often associated with genital lesions (46, 70, 224) . Although pain is uncommon, as many as 36% of patients experience tenderness on palpation (70) . The incubation period varies from 3 to 90 days.
Chancres occur at the site of inoculation. In men, the commonest site affected is the penis, more specifically the coronal sulcus and glans (224) . Anorectal chancres are common in homosexual men (218, 224, 268) . In women, the commonest locations of the lesions, in order of decreasing frequency, are the labia majora, labia minora, fourchette, and perineum (46, 324) .
Extragenital chancres occur infrequently; in recent series they have been reported in less than 2% of patients (224) . Unlike genital lesions, extragenital chancres have little or no basal induration with edges rising above the surrounding surface (340) . Pain is a prominent symptom in extragenital lesions involving the fingers, border of the tongue, and anus (224, 340) . Between 40 and 70% of extragenital chancres occur on the mouth, with approximately one-fifth of these being located on the lip (224, 340) .
Secondary syphilis. There may be no sharp demarcation between primary and secondary syphilis. A primary chancre is still present in as many as one-third of patients with secondary syphilis (47, 224) . Alternatively, the primary lesion may have healed for, typically, 8 weeks before any cutaneous or constitutional signs appear. As many as 60% of patients found to have syphilis do not recall lesions of any sort. Secondary syphilis is often a subtle disease; the skin lesions may be easily overlooked and may mimic other dermatologic diseases (47, 324) . The appearance of the skin rash ranges from macular to maculopapular, follicular, and occasionally pustular (47, 324) . Classically, the lesions are described as "raw ham" or copper colored. They tend to be universally distributed, and the palms and soles are commonly involved (47, 324) . Although the lesions are generally described as nonpruritic, patients may experience various degrees of pruritus (47) . In untreated patients, the lesions resolve over several weeks and may heal with scarring or hyper-or hypopigmentation, although the majority heal without any scarring. The classic alopecia of secondary syphilis is patchy with a "moth-eaten appearance" and has been reported in up to 7% of patients (47, 224, 324) .
Skin lesions may be associated with diffuse inflammatory involvement of the pharynx and tonsils, which may cause a symptomatic sore throat (47, 324) . The typical lesion of the mucus membranes is the mucus patch, occurring in 5 to 22% of patients and involving the tongue, buccal mucosa, and lips (47, 224, 324) . The lesions range in size from 5 to 10 mm and are usually slightly raised and painless with a central erosion covered with a thin membrane. Genital mucus lesions are more common in women and range from macules to papules, ulcerations, and condylomata (324) . Although the lesions may be evanescent and disappear within hours to days, they typically last 2 to 3 weeks.
Systemic symptoms associated with secondary syphilis range from slight malaise to prostration and cachexia (324) . Usually, the symptoms are mild. They may begin as early as a week after the primary chancre. Headache is present in up to one-third of patients, and fever is usually low-grade, seldom exceeding 100°F. Asymptomatic meningitis occurs in 8 to 40% of patients, while cranial nerve palsies (of nerves II to VIII) occur infrequently (220) . Gastrointestinal symptoms include anorexia, nausea, and occasionally vomiting. Painless adenopathy is present in 70 to 85% of patients and most commonly involves the suboccipital, cervical (especially posterior cervical), posterior auricular, and epitrochlear nodes (324) .
Although vague bone and joint pain has been reported in approximately 12% of patients with secondary syphilis, osteitis and arthritis are rarely described (274) .
Jaundice has been reported to occur in as many as 12% of patients with early syphilis, but syphilitic hepatitis has been only rarely described (32, 260, 297) . Syphilis of the kidneys is an extremely rare but well-described complication of secondary syphilis (336) . Proteinuria is still the most common manifestation, but clinical findings range from nephrotic syndrome to acute nephritic syndrome, rapidly progressive glomerulonephritis, and renal failure (157) . Syphilis of the stomach is usually manifested by mucosal erosions, rugal hypertrophy, or shallow ulcers involving the antral and pyloric areas (122, 362) .
Ocular complications of syphilis can involve almost any inflammatory process including episcleritis, scleritis, interstitial keratitis, iridocyclitis, vitritis, posterior uveitis, optic nerve involvement, and pupillary abnormalities (69, 208, 227, 296, 318) . Together with the other symptoms of secondary syphilis, a patient may present with bilateral tinnitus and deafness (230) . Sensorineural deafness is found in as many as 17% of cases of early syphilis.
Ulceronodular or malignant syphilis is a rare manifestation with a typical prodrome of fever, headache, and myalgia followed by papular eruptions that progress to pustules with ulcerated necrotic centers (90, 237 ). An association with human immunodeficiency virus (HIV) has been suggested, with 11 of 12 cases reported since 1989 occurring in either HIV-infected patients or those at high risk for HIV (293) .
Latent (early and late) syphilis. The latent or asymptomatic stage of syphilis is defined as the period from disappearance of the secondary manifestations until therapeutic cure occurs or tertiary manifestations develop (156) . Latent disease is arbitrarily divided into early and late syphilis based on the time to spontaneous mucocutaneous (infectious) relapse of untreated patients. About 90% of first relapses occur within 1 year, 94% occur within 2 years, and the rest occur over 4 years (115) . Early latent syphilis is therefore defined as occurring within 1 year of infection, and late latent syphilis is defined as occurring after 1 year. A patient with early latent syphilis is considered to be infectious due to the 25% risk of relapse to secondary syphilis (115) .
Tertiary syphilis. (i) Cardiovascular syphilis. Although in the prepenicillin era, it was estimated that cardiovascular syphilis accounted for 10 to 15% of all clinical cardiovascular disease (324) and was demonstrable in 55 to 86% of all patients with syphilis at autopsy (156) , it is now considered rare (144, 166) . Concomitant involvement of the nervous system has been reported in up to 43% of patients (57) . Cardiovascular involvement usually occurs between 10 and 30 years after the initial infection (57) .
Syphilitic aortitis is the most common manifestation and typically involves the ascending aorta (57, 156, 177) . Uncomplicated aortitis is usually asymptomatic, but symptoms include substernal dull, aching pain in about 20% of patients with aortitis and heart failure in 25% (178, 324) . The most common complication of untreated syphilitic aortitis is aortic regurgitation (156, 178) . Clinical presentation usually occurs in the second or third decade of infection. Coronary ostial stenosis occurs in 20% of patients with syphilitic aortic insufficiency (144) . Angina is the most frequent symptom but is rarely associated with myocardial infarction (29) . Aneurysm formation is the least common complication of aortitis (178) and is symptomatic in 5 to 10% of patients (176) . The majority are single aneurysms, usually saccular rather than fusiform and with involvement of the ascending aorta in 50% of patients (144, 156, 176) .
(ii) Neurosyphilis (asymptomatic, meningeal, meningovascular, parenchymatous, and gumma). Although many patients with syphilis undergo cerebrospinalfluid (CSF) invasion by spirochetes, not all will develop CSF abnormalities or neurosyphilis (51, 200, 358) . After initial invasion of the CSF by spirochetes, untreated or inadequately treated infection may follow one of several courses: spontaneous resolution, asymptomatic meningitis, or acute syphilitic meningitis (221) . After this, the disease may either remain asymptomatic or progress to meningovascular syphilis, tabes dorsalis, or paresis (221) . Although neurosyphilis has been divided into five major categories, i.e., asymptomatic, meningeal, meningovascular, parenchymatous, and gummatous, these entities represent a continuum and frequently overlap (221) . More recently, reports of unusual presentations and rapid progression of syphilis in patients with concurrent HIV infection has led to the hypothesis that infection with HIV may alter the natural history of syphilis (21, 172, 182, 200, 235) .
Asymptomatic neurosyphilis is defined as the presence of CSF abnormalities in the absence of neurologic symptoms or signs (129) . Asymptomatic or more subtle, ill-defined syndromes have become more common in the antibiotic era and comprises one-third of clinically diagnosed cases of neurosyphilis (154, 155, 200, 308) . The incidence of CSF abnormalities, including an elevated leukocyte count and protein or reactive CSF VDRL test, peaks 12 to 18 months following infection (249) .
Early in the disease, symptoms of aseptic meningitis are common, usually occurring within the first 6 months of infection or at the time of the secondary rash (220, 222, 308) . Clinical findings include severe headache, confusion, nausea, vomiting, and stiff neck without fever. The cranial nerves most commonly involved are the facial and auditory nerves, with sensorineural deafness occurring in up to 20% of patients (222) . Ocular abnormalities including optic neuritis and iritis may also occur (222, 227) .
Meningovascular syphilis represents about 10% of all cases of neurosyphilis, with peak occurrence at 4 to 7 years after primary infection (154, 155, 308) . The typical syndrome is one of a diffuse encephalitic presentation with superimposed focal features (148) . Since meningitis is usually a concomitant factor, many patients complain of headaches for several days or weeks before the onset of the vascular insult (220) . The prodrome may also include personality changes, emotional lability, vertigo, and insomnia (148) . The presence of seizures, altered level of consciousness, and focal findings depends on the involved site (220) .
Unlike meningovascular syphilis, classic late parenchyma-tous neurosyphilis has become relatively rare since the advent of modern antimicrobial therapy (155) . This syndrome may present as paresis or tabes dorsalis (155) . The symptoms and signs of paresis may be varied and are more common in men than in women (155, 221) . The incubation period is usually 5 to 25 years (221) . Early in the disease, the symptoms are similar to those of other forms of dementia, with gradual impairment of memory and cognitive functions, the appearance of irritability, and a decline in personal appearance (308) . As the disease continues, progressive dementia develops, with psychotic symptoms mimicking nearly every psychiatric illness (221) .
Tabes dorsalis also affects males more frequently (221) . The incubation period is usually 5 to 25 years, with involvement of pupillomotor structures and the spinal cord dorsal roots and columns (155, 221) . Early manifestations are lightning pains (occurring in 75 to 90% of patients), paresthesias, pupillary changes, and areflexia (221, 308) . The lightning pains most commonly affect the lower extremities. With disease progression, sensory ataxia affecting mainly the lower extremities becomes a prominent feature. There is impairment of position and vibration sense, resulting in a widebased gait and positive Romberg's sign. Gastric crises have been reported in 10 to 20% of patients and consist of sudden onset of vomiting or abdominal pain or both (221, 324) . Although pupillary abnormalities are reported in 70 to 94% of patients, the classic Argyll Robertson pupil is reported in only 48 to 64% (195, 221) . The pupil is small and irregular and accommodates but does not react to light. The change is usually bilateral (195) . Damage to the optic nerves results in optic atrophy in 20% of patients (221, 308) . Trophic lesions such as Charcot's joints (hips, knees, ankles) and distal-extremity neuropathic perforating ulcers (mal perforans) are found in 2 to 10% of patients (221, 308) .
(iii) Late benign syphilis. The essential lesion of late benign syphilis is the gumma (246) . The term "benign" implies that these lesions rarely cause total physical incapacity or death, but when the lesions occur in organs such as the brain or heart, serious complications may occur (156, 178, 220, 314, 324) . The most common sites of involvement are the skin, bone, and liver (177) . The gumma develops from 1 to 46 years after healing of secondary lesions, with the majority developing by the end of the 15th year (56) . Skin lesions may appear as nodular, noduloulcerative, or ulcerative lesions (53, 246) . Bone lesions are marked by periostitis involving the cranial bones, tibia, and clavicle, with the cardinal features of nocturnal pain and local swelling (177) .
Congenital syphilis. Untreated syphilis can profoundly affect pregnancy outcome, resulting in spontaneous abortion, stillbirth, premature delivery, or perinatal death (103, 162, 352, 353) . Prematurity and low birth weight have been reported for 10 to 40% of infants born to untreated mothers (184, 213) . Congenital syphilis is also a potentially treatable cause of nonimmune hydrops fetalis (16, 79) .
The rate of vertical transmission in untreated women is 70 to 100% for primary syphilis, 40% for early latent syphilis, and 10% for late latent disease (95) . Thus, the longer the interval between infection and pregnancy, the more benign is the outcome in the infant (Kassowitz's law) (84) .
The infected neonate may be asymptomatic or may have subtle findings or multiple-organ system involvement (22, 324) . Postnatal manifestations are divided into early and late stages; early manifestations occur in the first 2 years of life, and late manifestations occur after 2 years of age.
Early clinical signs are variable (22, 49, 50, 95, 324) . Most manifestations are not present at birth but develop within the first 3 months of life (49) . "Snuffles" or persistent rhinitis is one of the earliest clinical manifestations, occurring in 4 to 22% of infants. The nasal discharge may be profuse and purulent or blood tinged and is highly infectious. Hepatomegaly with or without splenomegaly occurs in 33 to 100% of patients. Glomerulonephritis resulting in nephrotic syndrome may also occur. The infant may have generalized lymphadenopathy with discrete, hard, nontender nodes. Vesiculobullous lesions and an erythematous maculopapular rash occur in one-third to one-half of patients and frequently involves the palms or soles. Desquamation is not uncommon. Asymptomatic central nervous system involvement manifesting as CSF abnormalities of lymphocytosis, elevated protein levels, and positive serologic test occur in up to 80% of infected infants (263, 357) . In the prepenicillin era, acute syphilitic meningitis occurring between 3 and 6 months of age was seen in 5 to 15% of infected patients, but such cases are now rare (357) .
Bone lesions develop within 8 months of birth in early congenital syphilis (112, 273, 274) . Osteochondritis (Parrot's pseudoparalysis) is the most common and earliest lesion, affecting mainly the upper limbs and knees. It can result in an asymmetric, painful, flaccid pseudoparalysis. The radiographic appearance demonstrates irregular epiphyseal lines, decalcification of subchondral bone, cupping of the diaphysis, irregularity of the cartilage adjacent to the epiphysis, and periosteal thickening (273, 274) . Diaphyseal periostitis is asymptomatic and does not produce radiologic signs until after 3 months of age. The bones most often affected are the tibias, followed by the tubular bones of the hands and feet and, less frequently, the clavicles and skull. Osteomyelitis due to gummatous involvement of the diaphyseal-metaphyseal junction of long limb bones occurs rarely.
Late manifestations of congenital syphilis include Hutchinson's triad of interstitial keratitis, peg-shaped upper incisors, and eighth-cranial-nerve deafness (22, 84, 324) . The hearing loss is sudden and usually occurs at 8 to 10 years of age. Other characteristic findings include frontal bossing, short maxillae, saddle nose, protruding mandible, high arched palate, mulberry molars, perioral fissures (rhagades), bilateral knee effusions, sternoclavicular thickening, saber shins, flaring scapulas, mental retardation, and hydrocephalus. Bilateral hydrarthrosis, or Clutton's joints, involving knees and elbows typically occurs between 8 and 15 years of age (274) . As many as onefourth to one-third of patients older than 2 years have asymptomatic neurosyphilis (357) . Symptomatic neurosyphilis develops rarely, with juvenile paresis developing in 1 to 5% of patients with congenital syphilis (278, 357) . The symptoms of juvenile paresis are usually more severe than those of acquired paresis, and the typical onset occurs in puberty.
Necrotizing funisitis, a rare deep-seated inflammatory process of the umbilical cord, was noted to be virtually diagnostic of congenital syphilis and occurs almost exclusively in preterm infants with an average gestational age of 32 weeks (105, 167) . The majority of infants with necrotizing funisitis are stillborn, and the remainder die within a few weeks of birth.
DIAGNOSIS
The diagnosis of syphilis depends on clinical findings, examination of lesion material for treponemes, and/or serologic tests for syphilis (366) . The laboratory diagnosis of syphilis has been extensively reviewed in a previous issue of this journal (192) .
Dark-field microscopy is the main diagnostic method for primary syphilis (324) . Direct fluorescent-antibody testing for T. pallidum (DFA-TP) has also been described (163, 164, 283) . However, neither dark-field microscopy nor the DFA-TP can distinguish T. pallidum from the other pathogenic species of Treponema (192) .
Efforts to cultivate the organism in vitro have been largely unsuccessful, but there has been one report in the literature of successful culture of T. pallidum on artificial medium (58) . T. pallidum is readily cultivated by animal inoculation (313, 360) . However, rabbit infectivity tests (RIT) are expensive and require 3 to 6 months to complete (192) . This method is impractical for routine clinical use but is very sensitive, with the theoretical ability to identify one viable organism (192) .
Serologic testing remains the mainstay of laboratory diagnosis for secondary, latent, and tertiary syphilis (192) . Serologic tests are divided into nontreponemal and treponemal, tests and neither alone is sufficient for diagnosis. Nontreponemal tests are useful for screening, while treponemal tests are used to confirm the diagnosis.
Nontreponemal tests include the Venereal Disease Research Laboratory (VDRL) and the Rapid Plasma Reagin (RPR) card test, both modifications of the original Wasserman reaction (134, 265) . Nontreponemal tests use an antigen comprising lecithin, cholesterol, and purified cardiolipin (a component of mammalian cell membranes) to detect an antibody against cardiolipin that is present in the sera of many patients with syphilis. Although these tests are widely available and relatively inexpensive, they are limited by their lack of sensitivity in early and late syphilis and by false-positive reactions. False-positive reactions are associated with increased age, pregnancy, drug addition, malignancy, and autoimmune diseases, such as systemic lupus erythematosus, as well as with viral (particularly Epstein-Barr virus and hepatitis virus), protozoal, or mycoplasmal infection (152, 192) .
Treponemal tests include the serum fluorescent treponemal antibody absorption test (FTA-ABS) and the microhemagglutination test for T. pallidum (MHA-TP), which use lyophilized T. pallidum or a lysate of pathogenic T. pallidum, respectively (66, 133, 158, 291) . These tests have higher sensitivity and specificity than the nontreponemal tests and are used as confirmatory tests for syphilis after a reactive nontreponemal test has been reported. False-positive results are rare but have been found in association with mixed connective tissue and autoimmune disease, viral infections, and pregnancy (316) .
DNA PCR has been used to identify T. pallidum in clinical specimens but is not readily available for routine clinical use (31, 124, 142, 242) . While DNA PCR methods have not been shown to be as sensitive as RIT, a highly sensitive reverse transcriptase PCR, which is able to detect a single treponeme, has been described (45) . In addition, multiplex PCRs have been described for the simultaneous detection of the three major causes of genital ulcer disease: herpes simplex virus types 1 and 2, Haemophilus ducreyi, and T. pallidum (252) .
There is no "gold" standard for the diagnosis of neurosyphilis, and it is usually based on a combination of reactive serologic tests, abnormalities of CSF cell count and protein levels, or a reactive CSF VDRL (43) . Two or more CSF abnormalities are generally considered to be compatible with a diagnosis of neurosyphilis. The CSF VDRL has high diagnostic specificity but low diagnostic sensitivity (30 to 78%) in neurosyphilis (30, 154, 169, 316) . A false-positive VDRL titer should occur only if the CSF is contaminated with blood (65, 165) . The presence of treponemal antibody in the CSF is not diagnostic for neurosyphilis since it may represent passive diffusion of treponemal antibody from the blood into the CSF rather than active central nervous system infection (169) . A negative CSF FTA-ABS however, may be useful to rule out neurosyphilis (170, 192, 209, 316) . Some investigators have suggested that the CSF FTA-ABS, T. pallidum hemagglutination test, and MHA-TP are more sensitive than the VDRL in the diagnosis of neurosyphilis, but this is not uniformly accepted (64, 138, 170) . Other CSF abnormalities include an elevated leukocyte count with predominantly lymphocytes and elevated protein levels (30) . The indications for performing a lumbar puncture in patients with syphilis include neurologic or ophthalmologic symptoms or signs, tertiary syphilis (e.g., aortitis, gumma, and iritis), treatment failure, HIV infection if the RPR is Ͼ1:32 or if there are neurologic symptoms or signs, and congenital syphilis (43) . Some experts recommend that all patients with HIV infection undergo lumbar puncture, but this recommendation is not strongly supported by available evidence.
The diagnosis of syphilis in pregnancy is most often made by serologic screening done at the first antenatal visit. In the United States, it is currently recommended that all pregnant women be screened by a nontreponemal test early in pregnancy (43) . In areas of high prevalence and in patients considered to be at high risk, testing should also be done twice during the third trimester (43) . If the nontreponemal test is positive, confirmatory testing by treponemal tests should be carried out. In pregnant women with a history of previous syphilis, nontreponemal titers may increase nonspecifically; this increase may be confused with reinfection or relapse (36, 192) . The increase in titer may be attributed to pregnancy if there is clear documentation of previous treatment in the absence of lesions suggestive of syphilis, a fourfold increase in titer, or history of sexual contact with a person with infectious syphilis (192) .
All infants born to mothers with positive serologic tests for syphilis should be evaluated by a quantitative nontreponemal serologic test within the first month of life (43) . Serum from the neonate is the preferred specimen, since cord blood may produce false-positive results (52) . The diagnosis of congenital syphilis is complicated by passive transfer of antibodies from mother to infant, but most of these antibodies should be catabolized and undetectable in noninfected infants by age 6 to 12 months (36, 43, 325) . In addition, during the first month of life, infants born to mothers with positive serologic tests should be examined thoroughly for physical signs of congenital syphilis (43, 325) . Maternal serologic test results and records should also be reviewed (43) . Pathologic examination of the placenta or umbilical cord by using DFA-TP testing is also suggested (43) . Dark-field microscopy with DFA-TP testing should be carried out on any suspicious lesions or body fluids, e.g., nasal discharge (43) . Additional investigations, such as long-bone radiographs or chest X ray, are dependent on abnormalities found on physical examination. CSF analysis for cell count, protein, and VDRL is indicated if the infant has an abnormal physical examination consistent with congenital syphilis, a quantitative nontreponemal serologic titer in serum that is fourfold greater than the mother's titer, or a positive dark-field or DFA-TP result for tests of body fluids (43) . Any prepubertal child with a reactive syphilis serologic test should undergo a full evaluation, and maternal serologic test results and records should also be reviewed (43) .
The diagnosis of congenital syphilis depends on a combination of physical, radiographic, serologic, and direct microscopic criteria (36, 325, 369) . A confirmed case is defined as occurring in an infant in whom T. pallidum is identified in specimens from lesions, placenta, umbilical cord, or autopsy material (36) . A presumptive case is one in any infant or child whose mother was untreated or inadequately treated at delivery or who has a reactive treponemal test for syphilis and one of the following: evidence of congenital syphilis on physical examination or on long-bone X ray, elevated cell count or protein level (without other cause) in CSF, or reactive FTA-ABS immunoglobulin M antibody (36) . A syphilitic stillbirth is defined as a fetal death occurring after 20 weeks gestation or weighing more than 500 g in which the mother had untreated or inadequate treatment for syphilis at delivery (36) .
TREATMENT History
Mercury was one of the first treatments used for syphilis, coming into use in 1497 (294, 341) . In 1909, Ehrlich introduced arsphenamine (Salvarsan), which was quickly shown to be superior to mercury and became the drug of choice (294) . Clinical cure, however, required repeated injections over 18 months. Other preparations of heavy metals, including bismuth compounds, were found to be efficacious and less toxic. In 1917, Wagner von Jauregg introduced the technique of malaria inoculation for the treatment of paretic cases (294) . The real breakthrough in the treatment of syphilis occurred in 1943, when Mahoney et al. successfully used penicillin to treat four patients with primary syphilis (204) .
Overview
Current recommendations for the treatment of syphilis are summarized in Table 2 . Although many guidelines have been published for the treatment of syphilis, no prospective controlled studies have addressed the optimum dosage or duration of therapy for any stage of syphilis (43, 191) . Since the introduction of penicillin, its use in the treatment of syphilis has There is very little evidence to support the use of nonpenicillin regimens, and if these are to be used, a lumbar puncture should be carried out before therapy is begun.
h Many experts recommend treating patients with auditory syphilitic disease with the same regimens as for neurosyphilis, regardless of the findings on the CSF examination. Many experts recommend following intravenous therapy for neurosyphilis with i.m. benzathine penicillin, 2.4 mU weekly for 3 weeks.
i Asymptomatic infants with negative laboratory findings born to women treated with nonpenicillin regimens should receive benzathine penicillin, 50,000 U/kg i.m., as a single dose if follow-up is assured.
been based on clinical experience and on observational uncontrolled studies.
Although T. pallidum has not developed any measurable penicillin resistance, there have been anecdotal reports of persistence of the organism in aqueous humor, CSF, and inner ear despite treatment with recommended regimens (183, 200, 201, 339) . In vitro resistance to erythromycin has been described in a single clinical isolate of T. pallidum from a penicillin-allergic patient who failed treatment with erythromycin (319). Norgard and Miller (244) have reported the identification of a plasmid in T. pallidum, which also suggests that the organism has the genetic potential to develop antibiotic resistance, but these findings have not been confirmed or reproduced.
The antibiotics used, as well as the dosage and length of treatment, are dependent on the stage of syphilis (43) . Oral penicillin is not used due to inadequate levels in blood. Although other antibiotics have been used, they are alternate choices because of less spirocheticidal action, variable absorption, concerns with patient compliance, and diminished efficacy, especially in pregnant women (341) .
The cure of syphilis depends not only on the antibiotic effect but also on the integrity of the immune capacity of the host. Although this has been recognized for many years, HIV infection has made it a very important and controversial issue.
Early Syphilis (Primary, Secondary, and Early Latent)
Penicillins and cephalosporins. Benzathine penicillin remains the recommended first-line therapy for early syphilis (43) . A retreatment rate of approximately 10% is reported for treatment failures (303) . It is worth noting, however, that the retreatment rates in this and many of the treatment studies that follow did not differentiate between treatment failure and reinfection. Some reports of penicillin failure have been attributed to poor penetration of benzathine penicillin into the CSF and persistence of T. pallidum in CSF in early syphilis (21, 172, 200, 339) .
Most treatment studies of early syphilis have used aqueous or procaine penicillin, but because of dosing issues, benzathine penicillin has been substituted (232) . Probenecid has been used to increase penicillin levels in serum and CSF (85, 264) .
Ceftriaxone, a broad-spectrum cephalosporin with a long half-life in serum (7 h ), has demonstrated activity against T. pallidum in a rabbit model (174, 189) . The long half-life in serum allows for single daily dosing (321) . After preliminary studies indicated efficacy, Hook et al. described its successful use in 27 patients exposed to infectious syphilis (151, 153, 229) . All were treated with ceftriaxone, 125 mg intramuscularly (i.m.), and 25 of 27 (93%) had no serologic or clinical evidence of progression at 3 months follow-up (153) . A further 16 patients with primary or secondary syphilis were treated with either 250 mg of ceftriaxone once daily for 10 days or 500 mg every 48 h for five doses; all patients were considered cured (153) . Ceftriaxone has the advantage of good CSF penetration, which may reduce the likelihood of treatment failures and/or subsequent neurosyphilis (321) . However, a 23% treatment failure rate has been reported in HIV-infected individuals with latent syphilis or asymptomatic neurosyphilis (77) . This limited data suggests that ceftriaxone may be an alternative treatment, but additional studies are required before this agent can be recommended for routine use.
Erythromycin. Current guidelines recommend erythromycin base in the treatment of penicillin-allergic patients with early syphilis, at doses of 40 mg/kg/day orally (p.o.) (maximum 500 mg per dose) for 14 days (43, 191) . The initial studies with erythromycin estolate in syphilis recommended total doses of 15 to 20 g over 10 days (27) . However, other forms of erythromycin were often substituted due to the complications of cholestatic jaundice (24, 303) . Schroeter et al. recommended a minimum total dose of 30 g of erythromycin base after their study demonstrated a 25% retreatment rate with lower dosages (303) . However, failure of erythromycin therapy, even with the recommended total dosage, has been reported in the treatment of primary syphilis (141) .
Tetracycline. Tetracycline, 3 g per day p.o. for 10 days, results in 9.2% retreatment rates at 12 months compared to 3 to 5% with penicillin regimens (303) . Only very limited studies of doxycycline have been done, but it has been added to treatment guidelines due to improved compliance and presumed efficacy equal to tetracycline (135, 250) .
Chloramphenicol. The early literature concluded that chloramphenicol was as effective as tetracycline in all stages of syphilis, with the advantage of few or no gastrointestinal side effects (247) . However, the blood dyscrasias later reported led to its removal as an alternate therapy for syphilis (247) .
Late Latent Syphilis
A longer duration of therapy has been suggested for late latent syphilis because treponemes divide more slowly in late infection and presumably require longer exposure to penicillin (275) . Reviews of the limited studies in the treatment of late latent syphilis have deemed them inadequate to determine an optimal treatment regimen (168, 370) . The main concern at this stage is to prevent the development of late complications of syphilis (280) . The available data assessing the use of penicillin in preventing progression to late disease was accumulated in studies of patients with asymptomatic neurosyphilis rather than latent syphilis. However, it is likely that the findings from these studies can be extrapolated to include latent syphilis (280) . In 1956 Smith et al. reported a cumulative relapse rate of 21% at 18 months in 47 patients treated with 2.4 to 2.5 mU of benzathine penicillin G (311). They also reported a 10% relapse rate in 53 patients treated with 4 to 5.9 mU of other penicillin preparations. Even given the obvious concerns about the nonrandomization of patients in this study and the use of different penicillin preparations, the data suggests that 2.4 mU of benzathine penicillin G is inadequate for the treatment of asymptomatic neurosyphilis. The currently recommended three-dose regimen for late latent syphilis is largely empirical but is likely to be effective (280) .
Tertiary Syphilis Cardiovascular syphilis. The effect of treatment on cardiovascular syphilis remains unclear (177) . It is known that the acute aortitis heals with scar formation and that treatment may hasten this healing, leading to the development of rapidly progressing aortic regurgitation during treatment (177) . The currently recommended regimen is three doses of benzathine penicillin, 2.4 mU, at weekly intervals (43) .
Neurosyphilis. The first question in addressing the treatment of neurosyphilis is whether the disease is present (63) . The presence of a reactive VDRL in CSF associated with increased cell counts and increased total protein levels in the CSF is strong evidence of active infection (63) . A decision analysis study by Wiesel et al. has suggested that CSF examination offers little additional benefit to empirical treatment with benzathine penicillin for most patients with late latent syphilis (356) . In this study of asymptomatic patients with untreated syphilis for more than 1 year, they compared treatment involving 7.2 mU of benzathine penicillin G with performing a lumbar puncture to test for asymptomatic neurosyphilis and management based on CSF analysis. Both strategies resulted in a cure rate of at least 99.7%, and although using lumbar puncture resulted in a 0.2% higher cure rate, a 0.3% complication rate was also reported.
The goal of therapy for neurosyphilis, especially general paresis and tabes dorsalis, is to halt the progression of the disease. The symptoms of meningitis and to some extent of meningovascular syphilis should resolve with therapy. Failure of symptoms to improve does not necessarily indicate ongoing infection or treatment failure, since preexisting damage does not reverse with treatment (63) . On the other hand, inadequate treatment with persistent CSF pleocytosis may be the cause of progressive neurologic signs (226) .
Most of the early trials in neurosyphilis used repeated i.m. injections of different dosages, intervals, and duration of penicillin (248) . Failure rates of 3.3% were reported by the Cooperative Clinical Group in 1956, and a further 9.5% of patients had to be treated for persistent or increased CSF pleocytosis (130, 131) .
The currently recommended therapy for neurosyphilis is aqueous crystalline penicillin G, 12 to 24 mU daily for 10 to 14 days, or procaine penicillin, 2.4 mU daily plus probenecid, 500 mg p.o. four times a day, both for 10 to 14 days (43) . These regimens result in penicillin levels in CSF severalfold above the minimal treponemicidal concentration of 0.018 g/ml during treatment (300). Benzathine penicillin is not recommended, since it does not achieve detectable levels in the CSF (226, 264) . However, due to concerns regarding the persistence of slowly dividing organisms after therapy, some experts do recommend benzathine penicillin G (2.4 mU i.m.) weekly for 3 weeks following the completion of intravenous (i.v.) or i.m. therapy (43) .
There is even less data on penicillin alternatives. Tetracycline or doxycycline has been used in penicillin-allergic, nonpregnant patients, and pharmacologic studies demonstrated treponemicidal levels of doxycycline in CSF at 400 mg daily (367) . Chloramphenicol has also been shown to produce adequate levels in CSF as well as satisfactory clinical responses in penicillin-allergic patients (284, 286) . Due to the small numbers of patients evaluated, however, none of these agents can be recommended as alternatives, and penicillin desensitization should be carried out in penicillin-allergic patients.
Pregnancy and Congenital Syphilis
The aim of treatment in pregnancy is to cure the mother and to prevent fetal infection (280) . Even before the penicillin era, it was clear that maternal treatment early in pregnancy resulted in a reduction of the number of infected fetuses (255) .
All pregnant women with syphilis who have not been previously treated should receive penicillin appropriate to their stage of disease. Unless there is clinical or serologic evidence of new infection or a history of recent sexual contact with a person with early syphilis, retreatment during pregnancy is not necessary. If penicillin allergy is reported, desensitization is strongly recommended. If this is not possible (for example, if the patient refuses to undergo penicillin desensitization), erythromycin may be used, but the infant should then be managed as if born to an untreated mother. Erythromycin does not readily cross the placenta, and the fetus may still develop congenital infection (87, 315) . Unpredictable maternal levels of erythromycin in serum are also a concern (261). Tetracycline should not be used because it may cause yellow-brown discoloration of the teeth and have adverse effects on longbone growth in the newborn (78) .
Infants should be treated for congenital syphilis if they were born to mothers with (i) untreated syphilis at delivery, (ii) serologic evidence of relapse or reinfection, (iii) treatment with nonpenicillin regimens for syphilis during pregnancy, (iv) treatment for syphilis within 1 month of delivery, (v) poor documentation of treatment for syphilis, or (vi) insufficient serologic follow-up during pregnancy (43) . In addition, any infant with physical or laboratory findings consistent with the diagnosis of congenital syphilis should receive treatment (22, 43) .
Single-dose benzathine penicillin has not been evaluated in prospective, randomized controlled trials but was used for many years to treat congenital syphilis. However, limited use of this regimen is currently recommended because benzathine penicillin may not achieve or maintain treponemicidal levels in the CSF of neonates (180, 317) . In addition, a small number of treatment failures have been reported with single-dose benzathine penicillin therapy (18, 132, 364) .
Both crystalline penicillin G and procaine penicillin have been studied in patients with congenital syphilis (216, 263) . The regimens described in Table 2 are those currently recommended for congenital syphilis (43, 191) .
Some experts believe that therapy with other penicillins may suffice in the treatment of congenital syphilis (234) . Small case series have shown that oral amoxicillin, 6 g daily, plus probenecid twice daily achieved treponemicidal levels in CSF (85, 231) . However, these limited data should be interpreted with caution until further studies are done.
Newer and Experimental Agents
Given the reported failures of penicillin therapy in some patients and the limited treatment options in penicillin-allergic patients, there is a need for newer agents. Limited animal studies have shown the newer macrolides clarithromycin, roxithromycin (RU965), and azithromycin to be effective treatments for experimental syphilis (2, 198, 199) . A pilot study of azithromycin documented cure in 11 of 13 patients with primary or secondary syphilis (345) . A nonrandomized study of azithromycin, 500 mg daily for 10 days or 500 mg on alternate days for 11 days, in 100 patients with early syphilis reported complete resolution of clinical signs and 90% reversion to a negative serum Wasserman reaction (214) . T. pallidum immobilization (TPI) and FTA-ABS became negative 12 months after treatment in 40% of patients. Time to resolution of clinical signs was also shorter in the azithromycin group than in the penicillin and erythromycin groups. The newer cephalosporins, i.e., cefmetazole, ceftizoxime, and cefetamet (Ro 15-8074), also show promise in animal models (14, 92, 188) . Although useful in the treatment of other sexually transmitted diseases, quinolones have shown poor efficacy in animal models of syphilis (6, 327, 344) .
Jarisch-Herxheimer Reaction
The Jarisch-Herxheimer (J-H) reaction was first observed by Jarisch in 1895 and Herxheimer in 1902 after the use of mercury but has since been described with other treatments (25, 156, 324, 341) . One large study showed that the J-H reaction occurred more often after treatment with penicillin than with erythromycin or tetracycline (5) . It has been reported to occur in 30 to 70% of patients with early syphilis, 43 to 55% of infants with congenital syphilis, 45% of pregnant patients with syphilis, and 2% of patients with neurosyphilis (25, 86, 186) . The cause is not completely understood, but the release of T. pallidum lipoproteins with inflammatory activities from dead or dying organisms is the likely inducer of this clinical phenomenon (243, 270, 276) . Also described as "therapeutic shock," the reaction is a local and systemic exacerbation of whatever stage of syphilis is being treated (324) . For example, a primary chancre may become edematous, lymphadenopathy may increase, or a secondary rash may become more prominent. There is usually a rise in temperature to 101 to 102°F, with reactions occurring within 12 h of initiation of treatment and terminating within 24 h. Associated headache, pharyngitis, malaise, myalgias, and leukocytosis with lymphopenia have also been reported (25) . Symptomatic antipyretic and analgesic treatment is useful in reducing any discomfort. Reactions do not appear to be modified by pretreatment with antihistamines or initial use of small doses of penicillin (25) . Steroid therapy reduces the incidence of febrile reactions associated with the J-H reaction, but since the febrile reaction does not often produce significant morbidity, the routine use of steroids in this setting is not warranted (25, 119, 125) .
In pregnant women, the reaction is similar in frequency, character, and intensity, but increased uterine activity and transient reduction in fetal movements and fetal heart rate abnormalities have been described (186) . If the fetus is severely infected prior to treatment, the woman may experience preterm labor or delivery or fetal death (186) .
SEROLOGIC RESPONSE TO TREATMENT
In the absence of a microbiologic "test for cure," patients treated for syphilis are monitored by quantitative nontreponemal tests (126, 196) . As a general guide, patients with early and congenital syphilis should have repeat serologic testing (nontreponemal and treponemal tests) 1, 3, 6, 12, and 24 months after treatment and patients with late disease (excluding neurosyphilis) should be seen 12 and 24 months after treatment (191) . Patients with neurosyphilis should be reviewed clinically, and follow-up CSF examinations should be done at 6-month intervals over the first 2 years or until the CSF becomes normal (43) . Resolving pleocytosis should occur over the first 6 months, while the CSF VDRL titer (if initially high) should decline fourfold within 1 year (63). It is noteworthy that the CSF VDRL titer may take years to revert to negative (63) . In addition to follow-up at 1, 3, 6, 12, and 24 months after treatment, HIV-infected patients should continue to be monitored at yearly intervals thereafter. When the quantitative dilutions of the nontreponemal test decrease adequately, the patient is considered cured (Table 3) (191) . A sustained fourfold or greater rise in the quantitative nontreponemal titer without reinfection suggests treatment failure and the need for reevaluation.
Individuals with their first infection are more likely to serorevert than those with reinfections, regardless of the disease stage (26, 285) . After treatment, seroreversal is more rapid if the duration of infection or clinical lesions is shorter and if the initial titer is lower (26, 97, 285) . It has also been noted that the decline of initially high titers is more rapid after treatment than the decline of lower titer seroreactivity (75).
Schroeter et al. reported that 97% of patients treated for primary syphilis with benzathine penicillin, 2.4 mU i.m., developed a negative VDRL titer within 2 years whereas 77% with secondary syphilis became nonreactive (303) . Using data acquired from an early syphilis study, Brown et al. demonstrated that after treatment, the VDRL titer declined approximately fourfold at 3 months and eightfold at 6 months in patients with primary or secondary syphilis (26) . The serologic response of patients treated with erythromycin was inferior to that achieved with either penicillin or tetracycline.
A series of studies by Fiumara involving a total of 588 patients with primary syphilis and 623 with secondary syphilis demonstrated that all patients with primary syphilis seroreverted their nontreponemal tests within 1 year while all with secondary syphilis seroreverted within 2 years (96, 97, 100, 102) . However, the dose of penicillin used was twice that currently recommended by the Centers for Disease Control and Prevention (CDC) (43) . In two studies of early latent syphilis, Fiumara demonstrated a serologic response (defined as a fourfold decline in the RPR titer at 1 year and a nonreactive RPR in 4 years) to treatment in 368 patients (98, 101) . More than 95% became seronegative within 2 years, and all did so within 4 years. Again, however, twice the CDC-recommended dose of benzathine penicillin was used.
In a retrospective study of 1,532 patients with early syphilis, the VDRL was nonreactive 6 months after treatment in 84% of patients with primary syphilis, 72% of patients with secondary syphilis, and 81% of patients with early latent syphilis (326) . The percentages were 93, 92, and 88%, respectively at the end of the 30-month study period. Approximately 86% of patients were treated with benzathine penicillin, 2.4 mU. Although the numbers of treated patients were too small to draw firm conclusions, it appeared that treatment with higher doses of benzathine penicillin (4.8 mU) and procaine penicillin resulted in a better serologic response.
In contrast to the above studies, Romanowski et al. found that 72 and 56% of 882 patients with primary and secondary syphilis, respectively, had seroreverted their RPR by 36 months (285) . The patients were treated with the currently recommended benzathine penicillin regimens. A fourfold decrease (for example, a change in titer from 1:32 to 1:8 is a fourfold drop) and a sixfold decrease were seen in patients with primary and secondary syphilis by 6 and 12 months, respectively, while only a fourfold decline was seen in patients with early latent syphilis by 12 months. RPR seroreversion at 1 year was seen in 44% of patients with their first episode of primary syphilis, and the proportion increased to 60 and 72% at 2 and 3 years, respectively. The 1-, 2-, and 3-year RPR seroreversion rates for secondary syphilis were 22, 42, and 56%, respectively, while for early latent disease the corresponding rates were 13, 13, and 26%. Serologic response was not affected by sex, age, race, or sexual orientation. Although the classic teaching is that the treponemal tests do not serorevert with treatment, this study demonstrated that in immunocompetent patients with firstepisode syphilis, 24% had a nonreactive FTA-ABS and 13% had a nonreactive MHA-TP at 36 months. The differences between this study and those reported by other investigators are probably related to a number of factors. Different antibiotic regimens were used, and the definition of reinfection in previous studies was defined as a fourfold or higher rise in titer without consideration of treatment failure.
It remains unclear whether the serologic criteria for adequate treatment of early syphilis are too stringent (126) . Until further studies are carried out, all patients with early syphilis (196) . Mathematical modeling suggests that an individual's serologic response to treatment appears to be a linear function of time when both axes are logarithmic (290) . RPR titers plotted in the first few months after treatment will determine the slope of the line, and this slope, when used in conjunction with the pretreatment RPR titer, is suggested as an important predictor of the time of seroreversion (290) . This is useful clinically, since it may indicate the need for retreatment if the patient's first-year response is not below the line (290) .
Few studies have been done on the serologic response to treatment in late latent disease. A study by Fiumara suggests that the decline in titer may be more gradual and that low titers persist in approximately 50% of patients after 2 years of observation (99) . The majority of patients had nonreactive nontreponemal tests 5 years after treatment.
A slow decline in the titer of nontreponemal serologic tests may also be seen in other late stages of syphilis. The persistence of a reactive CSF VDRL following therapy is not necessarily indicative of ongoing central nervous system infection (63) . With successful therapy, the cell count should return to normal within 6 months and should be followed by a decrease in the protein level and finally a decline in the quantitative CSF VDRL, which can remain reactive for more than 1 year after treatment (63, 131, 341) .
SYPHILIS AND HIV INFECTION
Shortfalls in the current knowledge of syphilis are increasingly obvious as investigators consider the interrelationships between syphilis and HIV. Several questions need to be answered: (i) whether syphilis modifies the risk for HIV acquisition or transmission; (ii) whether the presence of coexistent HIV infection modifies the natural history, clinical, or laboratory manifestations of syphilis; and (iii) whether currently recommended therapy for syphilis is adequate for patients with coexistent HIV.
Cross-sectional epidemiologic studies have demonstrated strong associations between evidence of past syphilis and HIV risk (149) . Studies from Africa have repeatedly demonstrated associations between reactive syphilis serologic test results or a history of genital ulceration and the likelihood of HIV (62, 113, 121, 269, 309, 320) . There is further evidence that the presence of other sexually transmitted infections are also risk factors for HIV acquisition. In light of these epidemiologic links between HIV and syphilis, all patients with syphilis should be encouraged to undergo testing for HIV and vice versa.
The majority of patients with coincident HIV present with typical manifestations of syphilis. However, a number of reports suggest that the clinical spectrum of syphilis and the rapidity of disease progression may be modified by the presence of HIV (118, 159, 301, 368) . Theoretically, depressed cellular immune function might result in accelerated progression of syphilis or an increased frequency of complicated syphilis.
Hutchinson et al. performed a case-controlled trial comparing the clinical presentation of syphilis in HIV-positive and -negative patients (159) . They examined 309 patients with primary, secondary, and early latent syphilis; 70 of the group were HIV reactive. The HIV-infected patients were more likely to present with secondary disease (P Ͻ 0.001), but this significance did not hold for women. Although there was a trend for those with a CD4 count of Ͻ500 to present with secondary syphilis, this finding did not reach significance. The characteristics of the rash were identical in both groups. In contrast, other authors did not observe any unusual clinical manifestations or any differences in the stage of presentation (118, 368) .
Alteration of B-cell function may result in an increased likelihood of biological false-positive reactions or rising RPR titers. The literature reports false-positive rates from 1 to 5.8% (13, 207, 287, 292) in HIV-infected patients compared to 0.2 to 0.8% in those not infected. Injected-drug use is a consistent contributing factor, but the level of immunosuppression does not appear to influence the rate of this occurrence. Falsenegative serologic tests are extremely rare in HIV-infected patients.
Two studies examining the loss of treponemal reactivity by using stored sera from patients previously treated for syphilis have been reported (127, 173) . Haas analyzed sera from 90 HIV-positive and 19 HIV-negative men observed for a mean follow-up of 4 years (127). All HIV-negative men had persistent treponemal reactivity, while 13 (14.4%) HIV-positive men lost reactivity. The highest loss of reactivity was seen in individuals with symptomatic HIV infection, those with a single episode of syphilis, or an initial VDRL titer of Յ1:32. Interestingly, loss of reactivity did not increase with the time since the last episode of syphilis. Johnson found that 3 of 29 patients with AIDS (10%) seroreverted both the T. pallidum hemagglutination (TPHA) and FTA-ABS over a period of 3 years; this was not observed in any of the 29 controls (173) .
There continues to be lack of agreement on the treatment of patients with both syphilis and HIV. Much of the confusion arises from the lack of prospective trials. Gourevitch et al. shed some light on this topic by providing results of a longitudinal study of injected-drug users with syphilis, 31 of whom were HIV positive and 19 of whom were HIV negative (118) . Nontreponemal titers were higher in HIV-infected individuals than in non-HIV-infected individuals with their first episode of syphilis (median of 1:128 and 1:32, respectively); these results were not affected by the CD4 count. Over a follow-up of 11 months, there was no difference in the rate of decrease of nontreponemal titers in response to standard penicillin treatment by HIV status, CD4 count, or stage of disease. Seroreversion of the treponemal tests occurred with equal frequency in both HIV-positive (17.6%) and HIV-negative (15.4%) individuals.
Telzak et al. offered a retrospective review of response to standard therapy in HIV-infected individuals with primary or secondary syphilis (328) . They reported that HIV-negative patients with primary syphilis were more likely to have a decrease in RPR titer of greater than fourfold or seroconversion within 6 months compared to HIV-positive individuals (P ϭ 0.03). There was no statistically significant difference in response by HIV status for patients with secondary syphilis. In another series of 56 HIV-positive patients monitored for a mean of 28 months, Malone et al. reported a relapse or failure rate of 18% (207) . Treatment outcome was not related to CD4 count or to a specific antimicrobial regimen. However, this retrospective study suggests that clinical evidence of secondary syphilis and/or asymptomatic neurosyphilis correlates with a high rate of relapse compared to that in patients with latent syphilis.
Goeman et al. reported on a group of HIV-positive and -negative commercial sex workers in Zaire who were all treated with benzathine penicillin, 7.2 mU (116) . The authors assumed that most cases were late latent syphilis. The geometric mean RPR titer at presentation was significantly lower for the HIVpositive patients than for the HIV-negative ones (2.6 and 3.8, respectively; P ϭ 0.01), and no difference in response to treatment was found after 2 years of follow-up. Another series of 64 HIV-infected patients and matched controls also found no significant difference in response to treatment at 12 months (368).
Rolfs et al. randomized 541 patients, including 101 who were HIV infected, with early (primary, secondary, and early latent) syphilis to receive 2.4 mU of i.m. benzathine penicillin G with or without enhanced therapy consisting of 2 g of amoxicillin and 500 mg of probenecid p.o. three times daily for 10 days (282) . By the end of the follow-up period of 1 year, 14% of patients were serologically defined as treatment failures. Failure rates did not differ according to the treatment group. HIV-infected patients were more likely than non-HIV-infected patients to have serologic treatment failure, regardless of the CD4 counts. The RPR titer also declined more slowly in HIVinfected patients. CSF abnormalities of Ͼ5 leukocytes/mm 3 , reactive VDRL, and increased protein levels were more common in HIV-infected patients. However, detection of T. pallidum in CSF by PCR, RIT, or both did not differ according to HIV status or treatment group, either pre-or posttherapy. The authors concluded that the CDC treatment recommendations for treatment of early syphilis are appropriate for most patients, whether or not they have HIV infection.
In the past decade, a multitude of case reports have suggested that neurosyphilis may occur more frequently, progress more rapidly, and present with atypical signs in the presence of HIV infection (19-21, 117, 172, 182, 210, 215, 217, 235, 257, 338) . However, it is difficult to draw conclusions because denominator data are not available. The diagnosis of neurosyphilis is more difficult in HIV-infected patients since 40 to 60% of this population may demonstrate CSF abnormalities including pleocytosis and elevated protein levels even without coexistent syphilis.
There has been a continuing and unresolved discussion about the place of lumbar punctures in the investigation of HIV patients with reactive syphilis serologic test results. The RPR titer is reported to be higher in patients with neurosyphilis (210, 338) . Tomberlin et al. found titers of 1:128 in individuals with neurosyphilis compared to 1:8 in those with latent syphilis (338). Marra et al. found that those with both neurosyphilis and HIV had significantly higher RPR titers than did HIV-negative individuals with neurosyphilis (1:64 and 1:16, respectively; P ϭ 0.03) (210) . These results suggest that lumbar punctures may not be required in all HIV-infected individuals with syphilis but, rather, only in those with high nontreponemal titers (for example, RPR titer of Ͼ1:32). The CDC currently recommends lumbar puncture in all patients with HIV infection who have late latent syphilis or syphilis of unknown duration (43) .
In 1987, Johns et al. reported the first series of four patients who progressed to neurosyphilis despite treatment with benzathine penicillin (172). Musher et al. compiled a series of 42 patients, 16 of whom had been treated for syphilis prior to the diagnosis of neurosyphilis; 5 of these developed neurosyphilis within 6 months of having received a recommended course of therapy (235) . Similarly, three of the nine patients described by McLeish et al. received benzathine penicillin prior to development of neurologic or ocular syphilis, as did 3 of the 12 patients described by Katz and Berger (181, 217) . These case reports support the contention that HIV-infected patients are more likely to develop syphilitic meningitis and meningovasculitis, often with concomitant ocular disease, after receiving standard therapy for syphilis.
Lukehart et al. reported a prospective series of 58 untreated patients with syphilis who had a lumbar puncture (200) . Rabbit inoculation was used to test CSF for viable T. pallidum. T. pallidum was isolated from 30% of patients with untreated primary or secondary syphilis; significant associations were the presence of two or more CSF abnormalities (leukocyte counts, protein levels, VDRL titer). Concurrent infection with HIV was not associated with the isolation of T. pallidum or with an increased number of CSF abnormalities, although HIV-infected individuals were more likely to have Ͼ5 leukocytes. There were three treatment failures; all had received a single dose of benzathine penicillin for secondary syphilis and all were HIV-positive patients from whom T. pallidum had been isolated pretreatment.
There is little consensus in the literature on the treatment of neurosyphilis in individuals infected with HIV. Dowell et al. reported success rates of 77% when patients with latent syphilis or neurosyphilis were treated with ceftriaxone, 1 to 2 g/day (77). However, there was no correlation between treatment outcome, CD4 count, or CDC HIV staging. In another series of 11 patients with neurosyphilis who received 10 days of highdose intravenous penicillin, there were three treatment failures (117) . Again, there were no predictors of failure.
PREVENTION AND CONTROL
Surgeon General Thomas Parran in 1937 defined a fivepoint syphilis control plan including public education, screening, clinical treatment, partner notification, and prophylactic treatment (256) . This framework still forms the basis of syphilis control today. However, given the changes in the epidemiology of syphilis, additional strategies are called for to improve syphilis control (322) . The sequencing of the T. pallidum genome has also led to renewed hope for the elimination of syphilis in the United States (323) .
Public Education
Educating the general public about the consequences and prevention of syphilis and other STDs is paramount in the primary prevention of these diseases (34, 319) . Effective education could result in earlier recognition and therefore presentation for medical care with symptoms and signs of disease or in behavior modification strategies, such as safer sex practices. Safer sex practices among homosexual men to reduce the risk of HIV may have reduced the number of cases of syphilis and other STDs in this population (354) . Condoms, although clearly effective in preventing the transmission of HIV and other STDs, are not used regularly by persons at risk (288) . More innovative ways of promoting condom use and provision of condoms at low cost are necessary. Targeted media campaigns, especially in areas or communities with high syphilis rates, are important (34) . Important strategies include school education, telephone hotlines to answer questions about STD, and other innovative means whereby the educational message can be sustained (33) .
Screening
Screening for syphilis is carried out for several reasons, including prevention of the complications of syphilis, prevention of congenital syphilis, and reduction of the transmission of syphilis, which in turn will reduce the transmission of HIV through genital ulcers (298, 322) . Screening generally detects patients with noninfectious latent disease and only occasionally detects those with symptoms or signs (298) . Mass screening has not been shown to be cost-effective in terms of the benefits of case finding and interruption of transmission (137) . For example, due to the low prevalence of syphilis in the United States, routine premarital serologic screening is no longer recommended since it is not believed to be cost-effective (185) . The efficiency of case finding can be significantly improved by using VOL. 12, 1999 CLINICAL AND EPIDEMIOLOGIC FEATURES OF SYPHILIS 201 on September 5, 2017 by guest http://cmr.asm.org/ epidemiologic features to focus screening efforts; that is, screening of high-risk groups will identify more infectious cases (primary, secondary, and early latent) than will screening of the general population, which will identify more noninfectious (late latent) cases (40, 219) . Not only should populations known to be at high risk be targeted for intervention, but also specific strategies should be developed for each group (366) . The concept that a "core" or small subset of persons contributes to a disproportionately large number of transmission events and eventually leads to persistence of syphilis is important (28, 254) . It has been suggested that the syphilis epidemics of the 1980s and 1990s are the result of core transmission (254) . Therefore, targeting of such core populations for prevention of transmission should, in theory, prevent community transmission and therefore lead to lower syphilis prevalence rates.
Targeting the screening and empirical treatment of persons at sites where sex and drugs are sold has been useful in the control of cocaine-related outbreaks (146) . Other high-risk groups in which routine screening is justifiable and may be central to syphilis control efforts include populations in correctional facilities (23, 145) , drug users in emergency rooms (82) , and patients suspected of having STDs other than syphilis (83, 306) .
To prevent congenital syphilis, the CDC currently recommends that all pregnant women be screened for syphilis (43) . This approach, even in low-prevalence situations, has been shown to be cost-effective (107, 361) . However, despite the serious consequences of syphilis in pregnancy, syphilis screening in all antenatal clinics is seldom practiced effectively (147, 329) .
Similarly, continued screening of blood for antibodies to syphilis is also important. Although relative prevalence rates and the risk of transmission are low, syphilis acts a surrogate marker for other STDs, especially HIV (160, 238, 267) .
Clinical Diagnosis and Treatment
Diagnosis and treatment of cases are essential components of syphilis control (34) . Few studies have examined how many patients with syphilis recognize their symptoms or, if they do, how many present for medical attention. One study reported that 45% of partners of identified syphilis patients stated that they had not sought medical care despite recognizing symptoms of syphilis (365) . In 1990, an estimated 62% of patients with a diagnosis of early syphilis sought clinical services of their own accord (34) .
Early detection of disease and prompt treatment will reduce the complications and minimize further disease transmission (34, 137) . Treatment should be inexpensive, safe, simple, and effective (33) . The production, widespread distribution, and compliance with national treatment guidelines will aid in these objectives (366) .
Partner Notification
Historically, partner notification with evaluation, treatment, and follow-up has been essential to limit the spread of disease (183) . However, this method, in which health department personnel visit, inform, and interview all named sexual partners, is expensive, and recent studies have suggested that the yield may be very low (7, 253) . Due to the high cost, this approach will probably have to be used more selectively in the future (322) . Advising the individual patients to refer their sexual partners has the advantage of reduced cost but is likely to be unreliable and certainly is difficult to evaluate and monitor (33) .
A recent randomized trial compared three approaches to partner notification for 1,966 patients with infectious syphilis (258) . Patients were randomized to one of three groups: (i) partner notification by themselves within 2 days or by disease intervention specialists (DIS) if the patient failed to do so; (ii) immediate partner notification by DIS; or (iii) immediate partner notification by DIS, who also had the option to draw blood in the field if they believed that the contact would not attend the clinic. The cost and effectiveness of all three approaches were similar, but this was probably because most partners in the patient referral arm were notified by the DIS anyway. More importantly, it was also calculated that each method located an average of only 1.1 of 5.7 potentially exposed partners, emphasizing the need for alternative methods of case finding. Cluster interviewing of specific populations rather than individuals may be more useful than partner notification. Cluster interviewing is a technique in which patients and their contacts are asked to provide information not only on sexual partners but also on persons for whom they think an examination for syphilis is indicated (183) . Although this method produces a lower yield of infected patients than simply notifying those named as partners, it still identifies a high percentage of patients who would not have been identified in any other way (183) . In addition, partner notification in certain situations, for example, cocaine-related outbreaks, may not be effective, since cocaine users either do not provide enough information to enable the identification of their sexual partners or may have multiple anonymous partners (7, 37, 40, 120, 225, 281) . Recent studies have confirmed the effectiveness of approaches involving cluster interviewing (40, 80, 109) .
The time frames for partner notification for primary, secondary, and early latent syphilis are 3, 6, and 12 months, respectively, before the development of symptoms in the index case (191) . For contacts of patients with late latent syphilis, long-term partners and children should be evaluated. The mother of a patient with congenital syphilis and her sexual partner(s) should also be assessed. If exposure to early syphilis occurred within the previous 90 days, contacts should be treated prophylactically. If the exposure occurred more than 90 days earlier, serologic testing should be done, with management being dependent on the results.
Prophylactic Treatment
Since it is not possible to predict which contacts of individuals with infectious syphilis will develop the disease, "epidemiologic" or prophylactic treatment is recommended for all contacts (136, 359) . This approach, together with partner notification, has been effective in controlling epidemics of syphilis (15, 193) . "Mass" treatment of populations with a high prevalence of infection has also been effective; for example, treatment of commercial sex workers in Fresno, Calif., in 1977 interrupted an epidemic of syphilis (171) .
Additional Strategies
Although Parran emphasized the need for community education and participation, the lack of emphasis of public health measures in these areas may be one of the reasons why syphilis rates in United States are 50 to 100 times higher than in most other developed nations (150) . Community participation was essential in the management of the HIV epidemic in the early 1980s, and lessons from this could be used in syphilis control (322) .
The disproportionately high rates of syphilis in African Americans mean that intensive and focused public health measures should be aimed at this group to control syphilis (197) . Acceptance of public health measures is further complicated by the distrust generated by the Tuskegee study (335) . It is important to work with leaders from African American communities to help coordinate strategies (322) .
In the United States, inadequate access to care in STD clinics may limit the ability to control syphilis prevalence, especially in the South (11, 114) . New approaches to syphilis control might include such strategies as community-based outreach, off-site screening for identifying cases, and mass treatment of patients with presumptive syphilis (110, 114) .
Finally, research is essential to find and evaluate new methods of syphilis control and prevention. For example, an inexpensive single-dose effective oral medication, in addition to a rapid diagnostic test from a noninvasive sample such as saliva, would be extremely useful in identifying and treating patients (322) . The sequencing of the T. pallidum genome is likely to lead to the development of techniques to differentiate strains or subtypes of the organism, which will allow better epidemiologic studies of syphilis (323) . To aid in the elimination of syphilis, studies of how, why, and where syphilis transmission persists in periods of declining rates rather than simply in the setting of epidemics or outbreaks are important (322) . Additional research is also required to find the best ways to target "core" populations to prevent transmission; these methods may include improved surveillance systems to identify the populations in which new syphilis cases are appearing, understanding of the behavioral and social dynamics in these groups, and subsequent redirection of resources (254, 322) .
CONCLUSION
Although syphilis is one of the best-known STDs, much remains to be learned about this disease and its manifestations, especially its interaction with HIV. Although effective treatment has been available since the introduction of penicillin in the mid-20th century, syphilis remains an important global health problem. Many of the available diagnostic tests lack sensitivity in some stages of syphilis and lack specificity in some populations. Treatment guidelines are based on relatively poor scientific data, and there is a need for well-designed prospective studies examining all stages of the disease as well as its course in patients infected with HIV. The lack of a good measure of "cure" makes this issue even more challenging. Control measures including aggressive partner notification are effective but expensive. More emphasis must be placed on primary prevention, not specifically related to syphilis but addressing the entire problem of STD.
